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CHAPTER 29 
Regulation of transcription 



TJi^ phenotyplc dliTer«iiCt5 Ukii ftiMiu^isb ihe 
t^fipus kiiuls or ivlls in n Ulglif r viit;nr>*ule nr« 
^i^ly due to* fliOrrcrnm 'iii iht esprvsslon of 
^2}e$ Kiint code fnr prcfieln^. thni Is. those tran- 
^rit>«d by RNA piilymerast' M. In prindpte. il» 
fj^ssloii oniiejst* i:vnc5 ini^lit lie tr^ula'ted ai 
jiiiy oue or sirvri^l slo^fs. Hie conrepi of ilie 
«levrl of coniror iinplii;:^ thnt genr expression 
' Is fioi necessarily an automailr pi'ocess once il 
tias beeuii. Il could In* rr^iilated {n* a ^ene- 
ipecinc u-ay al «iiy one oT 5«venil sequential 
sleps^ ^Ve can tCstii^iiisli (ni IrtMi) five fioieib- 
lial control points, Airintitp llie series 

ActiVBttnii or ^nr stnimrr 
1 

'liittlaliciii of ii'onsri'lpfitm 
i 

Pkvtvsstiitg the tRiiimipj 
I 

ir^^pott to rvloptitstn 
1 

TVatifilatfiHl of inHXA 

Tlie exisiriin' of !hr firsl Nl<*p ts {niplird t>y 
ilir (Ifsniveo* ^hks nmy «-Ki5i in either of 
iwi stnivtui'sl cntuUtiuiis. ile^lmlvc \n> the stiite 
(if most of the ^raifiDie. (ieiie^ ore foiiiict \\x 
m -ai'Jive* Male in tlie irlls tn wnU-ti Ihey 
anf expn>ssed (see Cliapicr ST). Tlw clunge oT 
.uruciure fs disUnd CWiiii Hie «ci oC transcrip* 
lion« and mdicales dial iKe gene is Iransciib- 
able." This suggests that acquisilion of the 
^active* siruciure musi be the fir^i step in gene 
expression. 

Tninscriplion of a gene In the adii'o stale Is 



conirolled al ihr stdgr of imtUiUon. that Is. by 
the lutri-acilaii of RNA polymerase %vlih its pni- 
moter. Iliis Is novr beconilne suset^ptible to 
analysis In (he la rim s>^ie.ms tser Chapter 
2fi). For rttosl genes, tills Is a tualor coittrAt 
pobiu pralMbly It Is the most roinitton Itvti of 
regtilallon. 

Tbere is al present no eWdence for conis^l 
at subse<|ueni slaves of Iranseripiton In eut:4ry« 
olic cells, for exainpUi. ontilemilnalion 
mecbal^lsms. 

The priinary traiiserlpt Is nidditicd by capping 
at ibe i* end« and usunlly also by pobradenyla- , 
lion at the 3' end* tntrons must t)c spiked out 
frutn i!ie iranscrtpis of tmemtpiof genes. The 
mature ANA must tie exponcd from the midcus 
to tlie e\-(optAftin. Reptlaiioii of pfw expression 
by selection of sefiiiencea m ihe lr%*eV of nuclear 
RNA fi\\»\\\ Invtiive any or all of. these stages, 
but the one for wliicii wfg have most evidence 
concerns chan; ei^ hi splicing: some genes are 
expnrsfteil by meoiis of titieniniivt $pUcin& pol- 
lems nliuse rvguhitii}|i c<aUrols the lype of pro- 
tein producl (see Chapter so).. 

Finally, the irnnslntinn of nu mHN.-V In the cyto- 
plDsm can be speeincally cnntroUed.Tl)ere is liiile 
evidence for the emplojinet)! of this meclmni^sm in 
adult somaltc cells* bu| H diHis occur in some 
enibr\t>nic slliia lions, as described hi Chiipter 
-'The mechanism Is presiiintid lo involve the l»lock« 
tng or Inlilfttion of iranslailpii of some mftN^ by 
speciiic protein factoids. 

But having acknowledged that control of gene 
expression can occur ai multiple stages, and 
that production of UNA cannot bievftably be 
equated iriih production of protein, it Is clear 
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that Ihe ovenvbehning ' maforiljr of regulatory 
.events occur at ihe inltiolion of iranscnjition. 
Regulation of ttssue-specinc gene iranscription 
lies al the heart of eukaiyotic dilTerentUtion; 
indeed, we see examples in Chapter 38 in 
which proteins iltat regulate emt>ryonlc devel- 
opment prove to be Iraitscriplion factors. A reg* 
ulatory transcrtpilon facickr serves to pro\1d« 



common control of a large number of iar^t 
genes, and we seek to answer two quesUoru 
about this mode of regulation: wh^t ideitiifies 
the common target gene5 to the CranscnpiloA 
faclor; and hovv is the activity of the irsinscrip- 
tion Tacior itst\f regulated in response to iiiiriii. 
sic or extrinsic signals? 



Response elc.menls idenliry genes under common 
regulation 



The princlpte thai emerges from ehantdeilzlne 
groups of genes under common toninl is that 
fA<r share a pmnpiv demenl that is rmgnlztd 
ty a ngnkuwy iransalpiion Mw. An «leDicm 
thai causes 4 gene to 'respond lo such a factor 
is called a response elcmciit examples are Ihe 
HSB (heal sbocli response element), GHE 
(glucocorticoid response ciement)^ 5RE (scrum 
response elemeift). 

The ptoperties of some Inducible transcription 
factbrs and the etements that they recognize are 
summarized in. Table 29,1, Kesponse elements 
have the same general characterisllcs as 
upstream clemenu of promoters or eniwncera. 
They contain short consensus sctjucnces. and 
copies of the response elements found in dif- 
ferent genes are closely related, Ihii not neces- 
sarily identCcaL The region bound 1^ the factor 
extends lbr*a short iHsiance on cither side of 



Table 29.1 lnduci:;fElfanscr:p}.onfacicr5bjr.rfic 
TCSponsu cluniErls thai idc-nl.f>- rj/ctps rtomcicrs 
or cihsnccfE SLtjeci id cocdinoto ccrif cl. 



RegutotoiyAgeni Maduls Consensus 



Faclor 



Hei3|l9Cfc HSE CimGAANffrGCNNQ H5IF 

GhKOnrtlM GAE TCOlMSUATGnCT emptor 

PnorfMlBSttr Tae TGACTC^ APT^ 

Senan SHE CCATATTAGG SRF 



Ihe consensus sequence; tn promoters, the dr- 
ments are not preseht at fixed distances front 
the siartpoint, but* we usually <200 bp upsiretm 
of II. The presence of a single element osusl^ 
Is sulilciem to confer ihe regnlatoxy response, 
but sometimes there are multipte copter. 

Response etements may t>c located . In 
motets or in enhancers. Some Qrpcs of ete0icfi» 
are typically found In one rather than the otitci: 
usuany an HSE Is found in a promoter* s^^^ ' 
ORE Is found in an enhancer. We assume 
all response eltiments function by ihc 
general principle. A §<nt is ns^Utud t.** 
szquenct at tiic promoicr or enhancer (hai ^ 
recognized py a specUic protein. The P^^* 
JUndions os a irunscriptian factor needed 
HSA poiytnerasc to ifiiUati.' Active proteia ^ 
awkilable ortfy tmder condiiions when the, ^ 
ro be expressed; its absence means that tiU 
motet' is not acAmied by this pariiadar 

An example of a siiuallon In which 
genes are controlled by a single factor 
\1ded by the heat shock response. This ts 
mem to a wide range of prolinryotes 
eubaiyoles and involves multiple conlio^^^ 
gene expression: an increase in lemp'^ 
turns oir transcription of some genes. ^^^^^^ 
transcription of the heat shock S^^'^'^-jt-'- 
causes changes In the translation of 
The control of the beat shock genes lij^f^ 
the differences between 'proka>y<>^^ ^f^^ 
eukaryotic modes of control In. bacien^' ' 
Sfgma faclor is synthesized that <^'^'^^r^ 
polymerase holoen^e to recogntza 




